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Control System for an Internal Combustion Engine 

The invention relates to a control system for an internal combustion engine with a 
motor control apparatus and a sensor which has an interface to the motor control apparatus. 

For the control of internal combustion engine in motor vehicles, measurements made 
5 by exhaust probes are often needed. On account of the high exhaust temperatures the unit for 
evaluating the measurements is regularly situated not directly in the exhaust probe but in the 
motor control apparatus. 

Increasingly, a very high resolution of the measurements is necessary. An example is 
the operation of a storage catalyst which stores nitrogen oxide when the motor is running lean 
10 and there is an excess of oxygen (A>1). If the nitrogen oxide concentration at the output of 
the catalyst increases, the nitrogen oxides stored in the storage catalyst must be reduced again 
by adjusting the fuel mixture to A<1 . For this purpose an extremely precise and reUable 
exhaust gas measurement of great resolution is required, which can register even a 
concentration of 1 0 ppm. This signifies that measurement streams in the order of 50 nA must 

15 be evaluated. 

On account of the high working temperature at the location of the exhaust gas probe 
the corresponding evaluating unit is regularly contained in the motor control apparatus. 

DE 195 22 178 AI discloses a detector apparatus for oxygen concentration with an 
exhaust gas probe and a motor controller. The controller comprises a heating control for the 

20 exhaust probe, a stream analysis circuit for detecting a current picked up by the exhaust 
probe, an analog-to-digital converter to convert the current to a digital signal, and a 
microprocessor to process sensor signals and to control an internal combustion engine. Due 
to electromagnetic interference occurring in the engine compartment of a motor vehicle, and 
as a result of parasitic conductances and capacitances, only signals which exceed a certain 

25 level can be evaluated. 

In German Gebrauchsmuster G 89 10 740 a hot fihn air mass sensor with a mounting 
is disclosed, in which a sensor chip together with an evaluating circuit is arranged as a sensor 
unit in the air stream to be measured. 
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It is an aim of the invention to produce a control system for an internal combustion 
engine and a sensor unit to permit an especially precise control or regulation of an internal 
combustion engine with respect to the maintenance of defined exhaust gas limit values. 

This aim is achieved with a control system and a sensor unit as defined in the 
5 independent claims. Advantageous embodiments are specified in the subordinate claims. 

By integrating the evaluating unit into the interface of the sensor high leakage 
resistances, as required for precise measurement, can be achieved. The signal path fi*om the 
sensor all the way to the evaluating unit can be protected easily and lastingly against the 
penetration of moisture, so that the occurrence of parasitic conductances and capacitances can 
10 be minimized. 

p. The sensor and the evaluating unit are combined in one functional unit. 

'41 A sometimes necessary plug connector for the sensor can be expanded by a housing to 

ni contain the evaluating unit. 

The conductors necessary for connecting the sensor and interface can quite easily be 
^115 made waterproof, and provided with tension reUef and protection against kinking. 

Since the sensor with the evaluating unit integrated into the interface has an 
"intelligent interface," communication between the motor controller and the evaluating unit 
can be provided through a system bus. Additional sensors which also have an evaluating unit 
cl on hand can be connected to such a system bus. The system bus permits a reduction of the 

20 number of conductors connected to the motor controller. Therefore there is also a reduction 
of the number of plug pins on the motor controller, which consequently can be made more 
compact. 

Due to the transfer of digital signals between the interface of the sensor and the motor 
controller the system is made less sensitive to electromagnetic interference. 
25 If the evaluating unit includes a microprocessor or a computer, an especially easy 

cahbration of the sensor can be carried out. Furthermore, a software update is possible in a 
vehicle that has aheady been delivered to the customer. 
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Preferably the evaluating unit integrated into the interface is as close as possible to the 
sensor, but spaced away from it so that unfriendly ambient conditions in the area of the sensor 
will not cause any interference with the operation of the evaluating unit. 

By integrating the sensor and the electronics (evaluating unit) an individual 
adjustment of the sensor and the electronics can be made to improve accuracy. The 
evaluating unit can regulate the sensor, for example by heating the sensor, and thus relieve 
the motor controller. Also, the evaluating unit can locally diagnose the ftinctionality of the 
sensor. In case of a malftinction, the unit of sensor and interface, including the integrated 
evaluating unit, can easily be replaced without the need for adjustment to the motor 
controller. 

Additional advantages, features and appUcations of the invention will be found in the 
description of the embodiment in conjunction with the drawing. 

The figure shows a control system with a controller and a sensor unit. 

The interface 21 consists of a plug connector, an electrically conductive housing 23 
for the plug connector and an evaluating unit 21 1 integrated into this connector housing. The 
housing 23 has a metal cooling surface 231 which can be configured as a cooling flange. The 
cooling surface 23 1 is connected through thermal path 232 to the surface of a power 
component 212. The evaluating unit 21 1 is made by casting it from plastic, e.g., sihcone, 
together with the ends of signal-carrying connecting conductors 22, so that an optimum seal 
against moisture is achieved. In spite of the sealing compound, the thermal path 232 together 
with the cooling surface 231 provides for an adequate removal of heat. 

The sensor and the evaluating unit form a functional unit, namely a sensor unit. 

A water-repellent (hydrophobic) membrane in the housing 23 permits a supply of air 
through connecting lines 1 1 which lead to the motor control apparatus 1. The exhaust probe 
2 is supplied with an oxygen reference through a connecting line 22 which serves for heating 
the exhaust probe 2, since the latter, in contrast to a signal line among the connecting lines 
22, is not cast together with the evaluating unit 211. 

The connecting lines 22 between the exhaust probe and the interface 21 are 
approximately 0.15 m to 0.5 m long. The connecting lines 1 1 between the interface 21 and 
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the motor controller 1 are about 1.5 m to 5 m long. A good length for the connecting lines 22 
to the probe 2, wherein on the one hand the electronics of the evaluating unit 21 1 is located 
far enough away from the heat-producing exhaust tract, without the occurrence of excessively 
great parasitic effects on the signal-carrying connecting lines 22, is about 0.3 m. Typically, 
5 then, the length of the connecting lines 1 1 between the interface 21 and the motor control 1 is 
approximately 2 m. 

On account of the short distance between the interface 21 and the exhaust probe 2 the 
connecting lines 22 can easily be sealed against moisture and made safe against kinking. 
Therefore only extremely low parasitic conductances or leakage resistances occur in the range 

1 0 of more than 1 0 MQ. Due to the short distance between the exhaust probe 2 and the interface 
21 , and more precisely the evaluation unit 2 11 . the connecting hnes 22 are not very sensitive 
to electromagnetic interference. The electromagnetic tolerance can be fiirther improved if the 
connecting hnes 22 are shielded. This is easily possible and inexpensive on account of the 
short distance which requires little flexibility. 

15 The evaluating unit 211 according to the invention can easily detect currents of 50 nA 

and no noise or interference will prevent useful measurement results. The range of 
measurement of the nitrogen oxide probe extends down to 10 ppm. 

The central component of the measuring and control electronics of the evaluating unit 
211 is a microprocessor, and precisely a microcontroller with a nonvolatile memory and few 

20 hardware components. The latter include a voltage regulator to operate the microcontroller, a 
few active electronic components, and lastly an exhaust gas probe 2. Furthermore, the 
evaluating unit 21 1 has an impedance converter to adapt the high-resistance signals of the 
exhaust probe 2 to the impedance of an analog/digital converter integrated into the 
microcontroller. By means of a digital/analog converter the signals to be put out at the 

25 interface 2 1 to the connecting lines 22 are measured again so as to produce control signals for 
the operation of the exhaust probe and a reference signal. 

Furthermore, the evaluating unit 21 1 has a generator to produce a test signal which 
serves for the indirect determination of the probe temperature by determinmg the probe 
impedance. Moreover, the evaluating unit 21 1 includes a power component for controlling 
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the heating ofthe exhaust probe by pulse-width modulation (PWM). The microcontroller 
controls the pulse width by the power component such that the probe temperature remains 
within the allowable working range. In the case of a nitrogen oxide probe this amounts 
typically to 750°C to 850°C. 
5 A female connector 12 connects the interface, configured as a plug connector, to an 

energy source and through a system bus 1 11 to the motor controller 1. The system bus 11 1 is 
configured as a CAN bus. 

At the interface 21 digital signals or pulse-width modulated (PWM) signals are 
delivered which are considered as digital signals in the meaning ofthe invention. These 
1 0 digital signals can easily be carried over great lengths in a motor compartment of a motor 

vehicle without problems, in contrast to the measurement signals ofthe exhaust gas probe 2. 

Due to the use of a microprocessor in the evaluating unit 211 a long-lasting high 
accuracy ofthe electronics is achieved. In addition, manufacturing data on the exhaust probe 
2 can be stored in the working memory ofthe microprocessor for correcting the measurement 

15 and control data. 

On account ofthe digital interface 21 to the motor control apparatus 1, the number of 
the connecting lines 1 1 to the motor control apparatus can be definitely reduced. For 
example, there is no need for connecting lines for heating the probe. Two connecting lines 1 1 
suffice as a system bus. Also, several units of sensors with evaluating units can be connected 

20 to a single system bus. The evaluating units must each have a bus controller. This fimction 
can be provided by the microprocessor of the evaluating imit 211. 
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